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1
METHOD AND ARRANGEMENT IN A
WIRELESS COMMUNICATION SYSTEM

CLAIMING BENEFIT OF PRIOR FILED U.S.
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/380401, filed Dec. 22, 2011, which corre-
sponds to the national-stage entry International Application
PCT/SE2010/050113, with an international filing date of Feb.
2, 2010, and which claims the benefit of U.S. Provisional
Application No. 61/221,179, filed Jun. 29, 2009.

The contents of all of the preceding are hereby incorpo-
rated by reference herein.

TECHNICAL FIELD

The present invention relates to a method and an arrange-
ment in a base station and a method and an arrangement in a
user equipment. In particular, it relates to a mechanism for
reducing load and interference on communication channels
when transmitting scheduling requests.

BACKGROUND

Standardization for the fourth Generation (4G) of cellular
networks is on going under the name International Mobile
Telecommunications Advanced (IMT Advanced). IMT
Advanced promises the next generation mobile network with
high data rates, seamless connectivity and mobile communi-
cation within heterogeneous networks.

For many applications, a short access delay plays a crucial
role in providing a good end user performance. IMT
Advanced latency requirements state that the one way radio
access delay between the mobile terminal and the base station
should be under 10 ms.

The Long Term Evolution (LTE) network defined by 3rd
Generation Partnership Project (3GPP) provides improved bit
rates with lower access delays as compared to the older tech-
nologies. For Release-8 user equipment units (UEs), the IMT
Advanced delay target is reached if the user equipment unit is
scheduled. If the user equipment needs to request resources,
the delay target is not reached.

The access technology of L'TE is based on Orthogonal
Frequency Division Multiplexing (OFDM) in the downlink
and Single Carrier Frequency Division Multiple Access (SC-
FDMA) in the uplink.

In the present context, the expression uplink is used for the
transmission of signals from the user equipment to the base
station while the expression downlink is used for transmis-
sion of signals in the opposite direction, i.e. from the base
station to the user equipment. The base station may further in
an LTE environment be referred to as an eNodeB, or eNB.

The resources are allocated either dynamically in 1 ms
basis for the user equipments on both the downlink and the
uplink or semi-persistently over a longer period than 1 ms.
The scheduling of resources is done by the eNB and it takes
into account the user equipment data buffer as well as radio
propagation characteristics of each user equipment.

The standard uplink scheduling procedure in LTE is shown
in FIG. 1. When new data arrives to the empty user equipment
buffer or the data that belongs to a higher priority logical
channel group than existing data, the user equipment triggers
a Buffer Status Report (BSR) to report its buffer size. If the
user equipment does not have uplink resources to transmit the
buffer status report, it triggers a Scheduling Request (SR).
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The scheduling request can be sent on a dedicated sched-
uling request channel (D-SR) or on the contention based
Random Access Channel (RA-SR). Use of the dedicated
scheduling request channel requires that the user equipment
is uplink synchronized and that the user equipment has been
assigned a scheduling request channel on the Physical Uplink
Control Channel (PUCCH). The dedicated scheduling
request resource is assigned with Radio Resource Control
(RRC) protocol having a periodicity with current values of 5,
10, 20, 40 and 80 milliseconds in LTE Release-8. In LTE
Release-9, even shorter values than 5 milliseconds, are pos-
sible. When the eNB has received the scheduling request, it
can schedule the user equipment and transmit an initial grant.
Using the initial grant, the user equipment can finally transmit
the buffer status report with it.

In summary, before the user equipment is scheduled, mul-
tiple steps have to be taken. This increases the access delay in
the uplink. When being in uplink synchronized, the schedul-
ing request periodicity in PUCCH is one of the biggest con-
tributors in delay increase. To obtain best performance of
certain applications, the scheduling request periodicity
should be selected to very short value.

In the 3GPP TS 36.321 MAC specification, V8.6.0, the
scheduling request is pending from the time when it is trigged
until the time when it is cancelled. The scheduling request is
cancelled when uplink scheduling resources are available for
a new transmission.

When the scheduling request is pending, during every sub-
frame when the user equipment unit has valid scheduling
request resources on PUCCH, the user equipment unit
instructs the physical layer to signal scheduling request. This
leads to the physical transmission of the scheduling request.
In the example depicted in FIG. 1, the scheduling request
periodicity is fixed to 5 ms and the first opportunity to trans-
mit the scheduling request on PUCCH is in subframe t0. After
the eNB has received the scheduling request, a typical pro-
cessing time of 3 ms is assumed before the user equipment
unit is scheduled and the grant is transmitted. The user equip-
ment unit has a next scheduling request opportunity in 5 ms
later, at t1. Because the user equipment unit has not cancelled
the scheduling request yet, it will retransmit it. As a result,
configuring the scheduling request periodicity to 5 ms leads
to physical transmission of the scheduling request at least
twice. This generates a significant unnecessary load on
PUCCH.

The mechanism that the transmission of scheduling
requests is prohibited is known as well as configuration of
such mechanism by the network, see WO 2009038381 A2
METHOD OF RESTRICTING SCHEDULING REQUEST
FOR EFFECTIVE DATA TRANSMISSION. However, in
WO 2009038381 A2, the only mentioned condition when the
transmission of scheduling request is prohibited is when the
uplink synch, i.e., Time Alignment timer is expected to expire
soon or when the overall number of scheduling request trans-
missions has exceeded a certain number. The idea of WO
2009038381 A2 is instead to start random access if schedul-
ing request is prohibited.

SUMMARY

It is therefore an object of the present invention to provide
a mechanism for improving the performance in a wireless
communication system.

According to a first aspect of the present invention, the
object is achieved by a method in a user equipment for trans-
mitting scheduling requests to a base station. The base station
is adapted to serve the user equipment. The user equipment
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further comprises a scheduling request transmission trigger
and is configured to transmit scheduling requests to the base
station. However, the scheduling requests are transmitted
only at certain predetermined scheduling request opportuni-
ties. The method comprises starting the scheduling request
transmission trigger. Also, a scheduling request is transmitted
to the base station at the next occurring scheduling request
opportunity as a response to the started trigger. Further, a
scheduling request prohibiting timer, comprised in the user
equipment, is started when the scheduling request is trans-
mitted to the base station for the first time. In addition, any
further scheduling request retransmission at future schedul-
ing request opportunities are prohibited while the scheduling
request prohibiting timer is running.

According to a second aspect of the present invention, the
object is achieved by an arrangement in a user equipment for
transmitting scheduling requests to a base station. The base
station is adapted to serve the user equipment. The user equip-
ment further comprises a scheduling request transmission
trigger and is configured to transmit scheduling requests to
the base station. However, the scheduling requests are trans-
mitted only at certain predetermined scheduling request
opportunities. The arrangement comprises a scheduling
request transmission trigger. The scheduling request trans-
mission trigger is configured to trigger a scheduling request
transmission. Also, the arrangement comprises a transmitter.
The transmitter is configured to transmit a scheduling request
to the base station at the next occurring scheduling request
opportunity as a response to the started trigger. In addition,
the arrangement further also comprises a scheduling request
prohibiting timer. The scheduling request prohibiting timer is
configured to start when the scheduling request is transmitted
and to prohibit any further scheduling request retransmission
at future scheduling request opportunities while the schedul-
ing request prohibiting timer is running.

According to a third aspect of the present invention, the
object is achieved by a method in a base station for assisting
a user equipment in transmitting scheduling requests to the
base station. The base station is adapted to serve the user
equipment. The user equipment is configured to transmit
scheduling requests to the base station only at certain prede-
termined scheduling request opportunities. The method com-
prises determining a factor k to be transmitted to the user
equipment, enabling the user equipment to calculate a sched-
uling request prohibiting timer length. Further, the method
also comprises transmitting the determined factor k to the
user equipment. In addition, the method further comprises
scheduling the user equipment when a scheduling request is
received from the user equipment.

According to a fourth aspect of the present invention, the
object is achieved by an arrangement in a base station for
assisting a user equipment in transmitting scheduling
requests to the base station. The base station is adapted to
serve the user equipment. The user equipment is configured to
transmit scheduling requests to the base station only at certain
predetermined scheduling request opportunities. The
arrangement comprises a determination unit. The determina-
tion unit is configured to determine a factor k to be transmitted
to the user equipment in order for the user equipment to
calculate a scheduling request prohibiting timer length. Fur-
ther, the arrangement comprises a transmitter. The transmitter
is configured to transmit the determined factor k to the user
equipment. Additionally, the arrangement comprises a sched-
uler. The scheduler is configured to schedule the user equip-
ment when a scheduling request is received from the user
equipment.
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By starting a scheduling request prohibit timer when the
user equipment has transmitted the scheduling request on
PUCCH first time, the load on PUCCH can be reduced sig-
nificantly. Further, by configuring scheduling request pro-
hibit timers for different user equipments with different
lengths, the retransmissions of scheduling requests are dis-
tributed in time as well. Thus the performance of the wireless
communication system is improved.

Other objects, advantages and novel features of the inven-
tion will become apparent from the following detailed
description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is described in more detail with reference to
attached drawings illustrating exemplary embodiments of the
invention and in which:

FIG. 1 is a schematic block diagram illustrating commu-
nication within a prior art wireless communication system.

FIG. 2 is a schematic block diagram illustrating embodi-
ments of a wireless communication system.

FIG. 3 is a combined signalling and flowchart illustrating
radio signal transmission according to some embodiments.

FIG. 4A is a combined signalling and flowchart illustrating
radio signal transmission according to some embodiments.

FIG. 4B is a combined signalling and flowchart illustrating
radio signal transmission according to some embodiments.

FIG. 5 is a flow chart illustrating embodiments of a method
in a user equipment.

FIG. 6 is a schematic block diagram illustrating embodi-
ments of a user equipment arrangement.

FIG. 7 is a flow chart illustrating embodiments of a method
in a base station.

FIG. 8 is a schematic block diagram illustrating embodi-
ments of a base station arrangement.

DETAILED DESCRIPTION

The invention is defined as a method and an arrangement in
a user equipment and a method and an arrangement in a base
station, which may be put into practice in the embodiments
described below. This invention may, however, be embodied
in many different forms and is not to be considered as limited
to the embodiments set forth herein; rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and convey the scope of the invention to those
skilled in the art.

Still other objects and features of the present invention may
become apparent from the following detailed description
considered in conjunction with the accompanying drawings.
It is to be understood, however, that the drawings are designed
solely for purposes of illustration and not as a definition of the
limits ofthe invention, for which reference is to be made to the
appended claims. It is further to be understood that the draw-
ings are not necessarily drawn to scale and that, unless oth-
erwise indicated, they are merely intended to conceptually
illustrate the structures and procedures described herein.

FIG. 2 depicts an exemplary wireless communication sys-
tem 100, such as e.g. the IMT Advanced, E-UTRAN, LTE,
LTE-Adv, 3rd Generation Partnership Project (3GPP)
WCDMA system, Global System for Mobile communica-
tions/Enhanced Data rate for GSM Evolution (GSM/EDGE),
Wideband Code Division Multiple Access (WCDMA),
Worldwide Interoperability for Microwave Access (WiMax),
or Ultra Mobile Broadband (UMB), just to mention some few
arbitrary possible options.
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The wireless communication system 100 comprises a base
station 28 and a user equipment 30, adapted to communicate
with each other over at least one radio channel, within a cell.
Itwill be appreciated that the wireless communication system
100 typically may comprise numerous other nodes, such as
other base station nodes and, in some embodiments, other
nodes such as control nodes and the like. Only a strictly
limited selection of nodes 28, 30 are shown in FI1G. 2 for sake
of simplicity.

The base station 28 may be referred to as e.g. a NodeB, an
evolved Node B (eNode B, or eNB), a base transceiver sta-
tion, Access Point Base Station, base station router, or any
other network unit capable to communicate with the user
equipment 30 within the cell, depending e.g. of the radio
access technology and terminology used. In the rest of the
description, the term “base station” will be used for the base
station 28, in order to facilitate the comprehension of the
present methods and arrangements.

The base station 28 comprises one or more transceivers
which is/are configured to transmit a frame of information for
transmission over a radio interface. For downlink transmis-
sion to the user equipment 30, the transceiver/s feed plural
antennae which function to provide plural sub-carriers. The
transceiver/s thereby transmits symbols of the subframes of
the frame on the downlink on plural sub-carriers in a fre-
quency domain.

The base station 28 may also comprise a base station frame
handler, according to some embodiments. The subframe han-
dler may be configured to prepare or format the frame of
information for transmission by transceiver/s on a downlink
to the user equipment 30. The optional base station frame
handler has access to or may in some implementations com-
prise resource manager/scheduler. The resource manager/
scheduler maintains and allocates resources for the user
equipment 30 and other user equipment units (not illustrated)
and schedules resources. One of the types of resources which
is supervised by resource manager/scheduler are Physical
Uplink Control Channel (PUCCH) resources. The PUCCH
carries uplink control information and supports multiple for-
mats.

The user equipment 30 may be represented by e.g. a wire-
less communication terminal, a mobile cellular phone, a Per-
sonal Digital Assistant (PDA), a wireless platform, a laptop, a
computer or any other kind of device capable to communicate
wirelessly with the base station 28.

The user equipment 30 shown in FIG. 2 may comprise
transceiver/s. The transceiver/s may comprise or be con-
nected to user equipment antennas. The user equipment 30
may also comprise a user equipment frame handler, accord-
ing to some embodiments. The wireless terminal frame han-
dler may receive and process downlink subframes and may
prepare and format uplink subframes. At least one of the
uplink subframes prepared by user equipment frame handler
and transmitted by transceiver/s from user equipment 30 to
base station 28 carries the Physical Uplink Control Channel
(PUCCH).

The user equipment 30 may also comprise a scheduling
request prohibit timer which is configured and serves to pro-
hibit the user equipment unit 30 from transmitting the sched-
uling request too early after the previous scheduling request
attempt.

In the following, the present methods and arrangements are
further elaborated with specific reference to IMT-Advanced
systems and more particularly with respect to the uplink in
IMT-Advanced, i.e. for the link from the user equipment 30 to
the base station 28. However, it is obvious to a skilled person
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that corresponding concepts could also be applied in other
wireless communication systems 100.

The present methods and arrangements provide a schedul-
ing request prohibit timer, which is started when the user
equipment 30 has transmitted a scheduling request on
PUCCH to the base station 28 for the first time. The idea of the
scheduling request prohibit timer is to prohibit the user equip-
ment 30 to transmit the scheduling request too early after the
previous scheduling request attempt.

Thereby may the load on PUCCH be reduced significantly,
as redundant scheduling requests are not transmitted. Further,
according to some embodiments, scheduling request prohibit
timers for different user equipment 30 may be configured
with different timer lengths. Thereby retransmissions of
scheduling requests from different user equipment 30 are
distributed in time, such that collision between user equip-
ment transmissions may be avoided.

FIG. 3 is a combined signalling and flowchart illustrating
radio signal transmission between the user equipment 30 and
the base station 28, according to some embodiments. The
purpose of'this illustration is to provide a general overview of
the present methods and the functionalities involved. Also,
the general purpose and an exemplary environment in which
the present methods and arrangements may be implemented
are illustrated.

Data is received in the user equipment buffer. The reception
and/or detection of data to transmit in the user equipment
buffer triggers the transmission of a scheduling request SR to
the base station 28. The scheduling request SR is used for
requesting uplink scheduling resources for transmission of
the received/detected data.

However, the user equipment 30 is only allowed to transmit
scheduling requests SR at certain predetermined scheduling
request opportunities t0, t1, 12, t3, t4, . . . , too. There may be
an infinite number of possible predetermined scheduling
request opportunities t0, t1, t2, t3, t4, . . ., too, or a limited
number of scheduling request opportunities t0, t1, 2, t3,
t4, . . ., too, wherein too is limited to t-max, according to
different embodiments.

Thus a scheduling request SR has been triggered, due to
received data in the user equipment buffer. In the illustrated
example in FIG. 3, the triggered scheduling request SR is not
allowed to be transmitted until the next possible scheduling
request opportunity t0. Thereby the scheduling request SR is
to be considered as pending until it is cancelled.

All pending scheduling requests SR may be cancelled and
scheduling request prohibit timer may be stopped when a data
is assembled and this data comprises a buffer status report
which comprises buffer status up to the last event that trig-
gered a buffer status report, or when the uplink grant can
accommodate all pending data available for transmission.

Ifthe user equipment 30 has no valid PUCCH resource for
transmitting a scheduling request SR configured in any pre-
determined scheduling request opportunities t0, t1, 12, t3,
t4, ..., toaRandom Access procedure may be initialised and
all pending scheduling requests may be cancelled. Otherwise,
if the user equipment 30 has a valid PUCCH resource for
scheduling requests SR at least some predetermined sched-
uling request opportunities t0, t1, t2, t3, t4, . . ., too, and no
scheduling request prohibit timer 40 is running, the generated
scheduling request SR may be transmitted at the next sched-
uling request opportunity t0.

When the triggered scheduling request SR is transmitted at
t0 on PUCCH, the scheduling request prohibit timer 40 is
started. The scheduling request prohibit timer 40 is comprised
in the user equipment unit 30. When the scheduling request
prohibit timer 40 is running, the user equipment unit 30 is not
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allowed to retransmit the scheduling request SR. According
to some embodiments, the user equipment 30 may set the
scheduling request prohibit timer 40 to O (zero), when a
scheduling request SR is triggered and there is no other sched-
uling request SR pending.

When the scheduling request prohibit timer 40 is expired,
the user equipment unit 30 is allowed to re/transmit the sched-
uling request SR on PUCCH again. The timer 40 is stopped
when it expires, except when the user equipment unit 30
cancels the scheduling request SR, when also the scheduling
request prohibit timer 40 may be stopped.

The scheduling request prohibit timer 40 may according to
some embodiments be set to zero when it is initiated and then
incremented for each passing time unit until a predetermined
max timer value is reached. According to some embodiments
however, the scheduling request prohibit timer 40 may be set
to a predetermined max timer value when initiated and then
counted down to zero, or alternatively to any other predeter-
mined minimum timer value is reached.

As long as the scheduling request prohibit timer 40 is
running, the scheduling request SR is not resent. In the illus-
trated example in FIG. 3, the scheduling request SR is can-
celled in t1, t2 and t3.

When the base station 28 receives the scheduling request
SR from the user equipment 30, the base station 28 schedules
the user equipment 30. Thereby a grant may be generated and
transmitted to the user equipment 30, such that the user equip-
ment 30 may be allocated resources for uplink transmission
of the data received in the user equipment buffer.

When the user equipment 30 receives the grant, the data is
transmitted to the base station 28 at the allocated resources.

FIG. 4A is a combined signalling and flowchart illustrating
radio signal transmission according to some embodiments.

FIG. 4A illustrates use of the scheduling request prohibit
timer 40 when the grant is received in a subframe and the
scheduling request prohibit timer 40 stopped when the sched-
uling request SR cancelled. In other words, in FIG. 4A the
scheduling request prohibit timer 40 prohibits the user equip-
ment 30 from transmitting the scheduling request SR twice.
The scheduling request prohibit timer 40 is stopped when the
scheduling request SR is cancelled. If a new scheduling
request SR is triggered after stopping the scheduling request
timer, the user equipment 30 is allowed to transmit the sched-
uling request SR again.

FIG. 4B is a combined signalling and flowchart illustrating
radio signal transmission according to some embodiments.

In the illustration of FIG. 4B the scheduling request pro-
hibit timer 40 expires before the scheduling request SR is
cancelled. That is, the scheduling request prohibit timer 40
prohibits the user equipment unit 30 from transmitting the
scheduling request SR at subframe t1 and t2. The scheduling
request prohibit timer 40 is stopped when it expires. After
expiration of the scheduling request prohibiting timer 40, the
user equipment 130 is allowed to transmit the pending sched-
uling request SR again.

Thus, if the SR prohibit timer 40 has expired and there is
still pending scheduling requests SR, they are allowed to be
retransmitted. If the SR prohibit timer 40 is stopped due to
cancellation of scheduling requests SRs, then there is no
pending scheduling requests SRs, but when a new triggered
scheduling request SR arrives, that may be transmitted, and
the SR prohibit timer 40 may be started again etc.

A negative side of the scheduling request prohibit timer 40
is that if the scheduling request SR is missed by the base
station 28, the re-attempt is delayed. To avoid too long delays
in the case of missed scheduling requests SR, the scheduling
request prohibit timer 40 may not be too long according to
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some embodiments. On the hand, introducing the scheduling
request prohibit timer 40 may decrease the load on PUCCH
and thus the need for the retransmission of a scheduling
request SR is smaller.

In addition to avoiding unnecessary scheduling requests
SR and thus loading PUCCH too much, the scheduling
request prohibit timer 40 could be utilized in spreading the
re-attempts of missed scheduling requests SR in the time
domain. Consider that two user equipment units located in the
neighbouring cells transmit the scheduling request SR on the
same PUCCH resource at the same time. Due to interference,
the base station 28 in the corresponding cells may cannot
detect which user equipment 30 was transmitting the sched-
uling request SR and thus do not schedule any of the user
equipment 30. If these two user equipment units have the
same scheduling request periodicity, they make the retrans-
missions of the scheduling requests SR at the same time
leading to high interference again. If these two user equip-
ment units would have different scheduling request prohibit
timer lengths, then the correlation in the interference with the
lag of scheduling request periodicity may be avoided.

The scheduling request prohibit timer 40 can take various
example embodiments and have differing implementations.
The following are possible non-limiting and non-exhaustive
example implementations and/or configurations.

Example Implementation 1

The scheduling request prohibit timer length may be fixed
to some common value such as e.g. 10 ms or the length of
scheduling request periodicity.

Example Implementation 2

The scheduling request prohibit timer 40 has a fixed length
and it is configured by the base station 28 with RRC. The
possible value could be k multiplied with the scheduling
request periodicity, where k may be signalled by RRC. Hav-
ing 4 different possible values of k=0, 1, 2, 3 may give
flexibility to the base station 28 to decide how it would like the
user equipment 30 to behave, according to some embodi-
ments.

Example Implementation 3

The scheduling request prohibit timer length can be, for
example, (k+1) multiplied with the scheduling request peri-
odicity, where k is configured by the base station 28 and the 1
is random part selected by the user equipment 30 ranging
between [0, 1, . .., m]. An example proper value for m could
be 4, according to some embodiments.

Example Implementation 1 may be the simplest solution to
avoid unnecessary scheduling requests SR. Example Imple-
mentation 2 may provide more flexibility to base station 28 to
configure different user equipment 30 with different values
and thus avoid reattempts of scheduling requests SR at the
same time. It is also a way of handling the trade-off between
avoiding unnecessary reattempts and increasing delay for
necessary reattempts, where the trade-off might be seen dif-
ferently for different services. Finally, having a random part
in the scheduling request prohibit timer 40 as is proposed in
Example Implementation 3, the interference between neigh-
bouring cells due to colliding re-attempts of scheduling
requests SR could be reduced.

The base station 28 thus may configure the scheduling
request prohibit timer 40 so that the user equipment 30 does
not transmit an unnecessary scheduling request SR on
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PUCCH just after the previous attempt. In this way the load
on PUCCH can be reduced and unnecessary interference
avoided. In addition, having a random part, the scheduling
request prohibit timer 40 enables the scheduling request SR
retransmission attempts of different user equipment 30 to
occur at different time.

FIG. 5 is a flow chart illustrating embodiments of method
steps 501-506 performed in a user equipment 30 for transmit-
ting scheduling requests SR to a base station 28. The base
station 28 is configured to serve the user equipment 30. The
user equipment 30 comprises a scheduling request transmis-
sion trigger 620. Further, the user equipment 30 is configured
to transmit scheduling requests SR to the base station 28 only
at certain predetermined scheduling request opportunities t0,
1,12, 13,4, . . ., too.

The base station 28 and the user equipment 30 are com-
prised in a wireless communication system 100. The wireless
communication system 100 may be e.g. an IMT Advanced or
LTE radio network and the base station 28 may be e.g. an
evolved node B, eNB, according to some embodiments.

The user equipment 30 comprises a scheduling request
prohibiting timer 40.

To appropriately transmit scheduling requests SR to the
base station 28, the method may comprise a number of
method steps 501-506.

Itis however to be noted that some of the described method
steps are optional and only comprised within some embodi-
ments. Further, it is to be noted that the method steps 501-506
may be performed in a somewhat different chronological
order and that some of them, e.g. step 502 and step 503, or
even all steps may be performed simultaneously or in an
altered or rearranged chronological order. The method may
comprise the following steps:

Step 501

This step is optional and may only be comprised within
some embodiments.

The scheduling request prohibiting timer 40 may be con-
figured with a scheduling request prohibiting timer length,
such that the scheduling request prohibiting timer 40 expires
when the configured scheduling request prohibiting timer
length has passed, after having started the scheduling request
prohibiting timer 40.

Step 502

The scheduling request transmission trigger 620 is started.
Thereby is a scheduling request transmission triggered,
which scheduling request SR is to be sent at the next occur-
ring scheduling request opportunity t0, t1, 12, 13,4, . . . , too
when the user equipment 30 is allocated resources to transmit
the scheduling request SR.

The scheduling request transmission trigger 620 may be
started when there is data in the user equipment buffer to send,
according to some embodiments.

Step 503

A scheduling request SR is transmitted to the base station
28 at the next occurring scheduling request opportunity t0, t1,
12,13,14, . .., too. The scheduling request SR is transmitted as
a response to the started trigger 620.

Step 504

The scheduling request prohibiting timer 40 comprised in
the user equipment 30 is started. The scheduling request
prohibiting timer 40 is started when the scheduling request
SR is transmitted to the base station 28 for the first time.

The scheduling request prohibiting timer 40 may be con-
figured to a fixed scheduling request prohibiting timer length,
according to some embodiments.

The scheduling request prohibiting timer 40 may be con-
figured to a scheduling request prohibiting timer length, equal
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to the time between two scheduling request opportunities t0,
t1,t2,13,t4, . . ., too multiplied with a factor k, such that:

Scheduling request prohibiting timer length=%-(z2—¢1).

According to some embodiments may the scheduling
request prohibiting timer 40 be configured to a scheduling
request prohibiting timer length which is equal to the time
between two scheduling request opportunities t0, t1, t2, t3,
t4, . .., too multiplied with the result of the factor k operated
by a random variable 1, such that:

Scheduling request prohibiting timer length=(k+7)-
(12-11).

The factor k may optionally be received from the base
station 28. The random variable 1 may be randomly generated
by the user equipment 30.

The factor k may be ranging between zero and infinity such
that: k=[0, 1, . . ., o], wherein the factor k may be transmitted
via Radio Resource Control (RRC) from the base station 28,
and wherein the scheduling request SR may be transmitted on
a Physical Uplink Control Channel (PUCCH).

Step 505

Any further scheduling request retransmission are prohib-
ited at any future scheduling request opportunity t0, t1, t2, t3,
t4, . . ., too while the scheduling request prohibiting timer 40
is running, i.e. is not stopped.

Thereby, by not resending scheduling requests SR, the
traffic load on the channel reduced, which leads to an overall
improved capacity within the wireless communication net-
work 100.

Step 506

This step is optional and may only be comprised within
some embodiments.

The scheduling request prohibiting timer 40 is stopped
when the scheduling requests SR are cancelled, or when the
scheduling request prohibiting timer 40 is expired.

FIG. 6 schematically illustrates an arrangement 600 in a
user equipment 30. The user equipment 30 is configured for
performing the method steps 501-506 for transmitting sched-
uling requests SR to a base station 28. The base station 28 is
adapted to serve the user equipment 30. The user equipment
30 is configured to transmit scheduling requests SR to the
base station 28 only at certain predetermined scheduling
request opportunities t0, t1,12,t3,t4, . . . , tco. The base station
28 and the user equipment 30 are comprised in a wireless
communication system 100. The wireless communication
system 100 may be e.g. an IMT Advanced or a LTE radio
network. The base station 28 may be e.g. an evolved node B,
eNB, according to some embodiments.

In order to perform the method steps 501-506 correctly, the
user equipment arrangement 600 comprises a plurality of
units such as e.g. a scheduling request transmission trigger
620. The scheduling request transmission trigger 620 is con-
figured to trigger a scheduling request transmission. Further,
the user equipment arrangement 600 comprises a transmitter
630. The transmitter 630 is configured to transmit a schedul-
ing request SR to the base station 28 at the next occurring
scheduling request opportunity t0, t1, t2, t3,t4, . .. , too, as a
response to the triggered scheduling request transmission.
Also, additionally, the arrangement 600 comprises a sched-
uling request prohibiting timer 40. The scheduling request
prohibiting timer 40 is configured to start when the schedul-
ing request SR is transmitted first time and to prohibit any
further scheduling request retransmission at future schedul-
ing request opportunities t0, t1, t2, t3, t4, . . . , too, while the
scheduling request prohibiting timer 40 is running, i.e. is not
stopped.
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According to some embodiments, the arrangement 600
may further comprise a configuring unit 610. The optional
configuring unit 610 is adapted to configure the scheduling
request prohibiting timer 40 with a scheduling request pro-
hibiting timer length, such that the scheduling request pro-
hibiting timer 40 expires when the configured scheduling
request prohibiting timer length has passed, after having
started the scheduling request prohibiting timer 40. The con-
figuring unit 610 may receive the scheduling request prohib-
iting timer length from the base station 28, according to some
embodiments. However according to some embodiments the
scheduling request prohibiting timer length may be predeter-
mined, or calculated based on a scheduling request prohibit-
ing timer length received from the base station 28.

Further, according to some embodiments the arrangement
600 may comprise areceiver 44. The receiver 44 is configured
for receiving signals from the base station 28.

According to some embodiments, the arrangement 600
may optionally comprise a buffer 640. The buffer 640 is
configured to receive and contain data, to be transmitted.

In further addition, the arrangement 600 may comprise a
transmitter 630. The transmitter 630 is configured to transmit
signals e.g. to the base station 28, according to some embodi-
ments.

Also, furthermore, the arrangement 600 may comprise a
frame handler 46. The frame handler 46 is configured to
receive and process the downlink subframes and prepare and
format the uplink subframes.

Optionally, the arrangement 600 further also may comprise
a processor 660. The processor 660 may be represented by
e.g. a Central Processing Unit (CPU), a processing unit, a
microprocessor, or other processing logic that may interpret
and execute instructions. The processor 660 may perform all
data processing functions for inputting, outputting, and pro-
cessing of data including data buffering and device control
functions, such as call processing control, user interface con-
trol, or the like.

It is to be noted that any internal electronics of the user
equipment 30 and/or the user equipment arrangement 600,
not completely necessary for understanding the present
method according to the method steps 501-506 has been
omitted from FIG. 6, for clarity reasons. Further, it is to be
noted that some of the described units 40-660 comprised
within the arrangement 600 in the user equipment 30 are to be
regarded as separate logical entities but not with necessity
separate physical entities. To mention just one example, the
receiver 44 and the transmitter 630 may be comprised or
co-arranged within the same physical unit, a transceiver,
which may comprise a transmitter circuit and a receiver cir-
cuit, which transmits outgoing radio frequency signals and
receives incoming radio frequency signals, respectively, via
an antenna. The radio frequency signals transmitted between
the base station 28 and the user equipment 30 may comprise
both traffic and control signals e.g. paging signals/messages
for incoming calls, which may be used to establish and main-
tain a voice call communication with another party or to
transmit and/or receive data, such as SMS, e-mail or MMS
messages, with a remote user equipment.

The method steps 501-506 in the user equipment 30 may be
implemented through one or more processors 660 in the user
equipment 30, together with computer program code for per-
forming the functions of the present method steps 501-506.
Thus a computer program product, such as e.g. a computer
program storage medium, may comprise instructions for per-
forming the method steps 501-506 in the user equipment 30
and may transmit scheduling requests SR to the base station
28.
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The physical and tangible computer program product men-
tioned above may be provided for instance in the form of a
data carrier carrying computer program code for performing
the method steps according to the present solution when
being loaded into the processor 660. The data carrier may be
e.g. a hard disk, a CD ROM disc, a memory stick, an optical
storage device, a magnetic storage device or any other appro-
priate medium such as a disk or tape that can hold machine
readable data. The computer program code can furthermore
be provided as program code on a server and downloaded to
the user equipment 30 remotely, e.g. over an Internet or an
intranet connection.

Further, a computer program product comprising instruc-
tions for performing at least some of the method steps 501-
506 may be used for implementing the previously described
method in the user equipment 30 for transmitting scheduling
requests SR to a base station 28, when the computer program
product is run on a processor 660 comprised within the user
equipment 30.

FIG. 7 is a flow chart illustrating embodiments of method
steps 701-703 performed in a base station 28 for assisting a
user equipment 30 in transmitting scheduling requests SR to
the base station 28. The base station 28 is adapted to serve the
user equipment 30. The user equipment 30 is configured to
transmit scheduling requests SR to the base station 28 only at
certain predetermined scheduling request opportunities t0, t1,
12,13, 14, . . ., too. The base station 28 and the user equipment
30 are comprised in a wireless communication system 100.
The wireless communication system 100 may be e.g. an IMT
Advanced/LTE/LTE-Advanced radio network and the base
station 28 may be e.g. an evolved node B, eNB, according to
some embodiments.

To appropriately assist the user equipment 30 in transmit-
ting scheduling requests SR to the base station 28, the method
may comprise a number of method steps 701-703. It is to be
noted that the method steps 701-703 may be performed in a
somewhat different chronological order and that some of
them may be performed simultaneously or in an altered or
rearranged chronological order. The method may comprise
the following steps:

Step 701

A factor k to be transmitted to the user equipment 30,
enabling the user equipment 30 to calculate a scheduling
request prohibiting timer length, is determined.

Step 702

The determined factor k is transmitted to the user equip-
ment 30.

Step 703

The user equipment 30 is scheduled when a scheduling
request SR is received from the user equipment 30.

FIG. 8 schematically illustrates an arrangement 800 in a in
a base station 28. The arrangement 800 is configured to per-
form the method steps 701-703. Thus the base station
arrangement 800 is configured to assist a user equipment 30 in
transmitting scheduling requests SR to the base station 28.

The base station 28 is adapted to serve the user equipment
30. The user equipment 30 is configured to transmit schedul-
ing requests SR to the base station 28 only at certain prede-
termined scheduling request opportunities t0, t1, t2, t3,
t4, ..., to. The base station 28 and the user equipment 30 are
comprised in a wireless communication system 100. The
wireless communication system 100 may be e.g. an IMT
Advanced or LTE radio network and the base station 28 may
be e.g. an evolved node B, eNB, according to some embodi-
ments.

In order to perform the method steps 701-703, the arrange-
ment 800 comprises a plurality of units such as e.g. a deter-
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mination unit 810. The determination unit 810 is configured
to determine a factor k to be transmitted to the user equipment
30 in order for the user equipment 30 to calculate a scheduling
request prohibiting timer length. Further the arrangement 800
comprises a transmitter 820. The transmitter 820 is config-
ured to transmit the determined factor k to the user equipment
30. Additionally, the arrangement 800 comprises a scheduler
38. The scheduler 38 is configured to schedule the user equip-
ment 30 when a scheduling request SR is received from the
user equipment 30.

Further, optionally according to some embodiments, the
base station arrangement 800 may comprise a receiver 805.
The receiver 805 may be configured to receive a signal from
the user equipment 30. Also, according to some embodi-
ments, the arrangement 800 may comprise a scheduling
request prohibit timer configuring unit 42.

Optionally, the arrangement 800 further also may comprise
a processor 840. The processor 840 may be represented by
e.g. a Central Processing Unit (CPU), a processing unit, a
microprocessor, or other processing logic that may interpret
and execute instructions. The processing unit 840 may per-
form all data processing functions for inputting, outputting,
and processing of data including data buffering and device
control functions, such as call processing control, user inter-
face control, or the like.

It is to be noted that any internal electronics of the base
station 28 and/or the base station arrangement 800, not com-
pletely necessary for understanding the present method
according to the method steps 701-703 has been omitted from
FIG. 8, for clarity reasons. Further, it is to be noted that some
of the described units 38-840 comprised within the arrange-
ment 800 in the base station 28 are to be regarded as separate
logical entities but not with necessity separate physical enti-
ties. To mention just one example, the receiver 805 and the
sender 820 may be comprised or co-arranged within the same
physical unit, a transceiver, which may comprise a transmitter
circuit and a receiver circuit, which transmits outgoing radio
frequency signals and receives incoming radio frequency sig-
nals, respectively, via an antenna. The radio frequency signals
transmitted between the base station 28 and the user equip-
ment 30 may comprise both traffic and control signals e.g.
paging signals/messages for incoming calls, which may be
used to establish and maintain a voice call communication
with another party or to transmit and/or receive data, such as
SMS, e-mail or MMS messages, with any remote user equip-
ment.

The present mechanism for assisting a user equipment 30
in sending scheduling requests SR may be implemented
through one or more processors 840 in the base station
arrangement 800 depicted in FIG. 8, together with computer
program code for performing the method steps 701-703 of the
present solution. The program code mentioned above may
also be provided as a computer program product, for instance
in the form of a data carrier carrying computer program code
for performing the present solution when being loaded into
the base station 28. One such carrier may be in the form of a
memory stick. It is however feasible with other data carriers.
The computer program code may furthermore be provided as
program code on a server and downloaded to the base station
28 remotely.

When using the formulation “comprise” or “comprising” it
is to be interpreted as non-limiting, i.e. meaning “consist at
least of”. The present invention is not limited to the above
described preferred embodiments. Various alternatives,
modifications and equivalents may be used. Therefore, the
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above embodiments are not to be taken as limiting the scope
of the present invention, which is defined by the appending
claims.

The invention claimed is:

1. A method in a user equipment for transmitting schedul-
ing requests to a base station, the user equipment is config-
ured to transmit scheduling requests to the base station only at
certain predetermined scheduling request opportunities, the
method comprising:

triggering a scheduling request transmission;

transmitting, on a Physical Uplink Control CHannel

(PUCCH) resource, a scheduling request to the base
station at the next occurring scheduling request oppor-
tunity as a response to the triggering;

receiving, from the base station, a factor k;

calculating a length of time for a scheduling request pro-

hibiting timer based on the factor k received from the
base station;
starting the scheduling request prohibiting timer, com-
prised in the user equipment, when the scheduling
request is transmitted to the base station; and

prohibiting any further scheduling request retransmission
at future scheduling request opportunities while the
scheduling request prohibiting timer is running;

wherein the scheduling request prohibiting timer is config-
ured to a scheduling request prohibiting timer length
which is equal to the time between two scheduling
request opportunities multiplied with the factor k, such
that:

scheduling request prohibiting timer length=k*(£2—21).

2. The method according to claim 1, comprising the further
step of:

stopping the scheduling request prohibiting timer when the

scheduling request transmission trigger is cancelled or
when the scheduling request prohibiting timer is
expired.

3. The method according to claim 1, comprising the further
step, to be performed before the other steps:

configuring the scheduling request prohibiting timer with a

scheduling request prohibiting timer length, such that
the scheduling request prohibiting timer expires when
the configured scheduling request prohibiting timer
length has passed, after having started the scheduling
request prohibiting timer.

4. The method according to claim 1, wherein the schedul-
ing request prohibiting timer is configured to use a fixed
scheduling request prohibiting timer length.

5. The method according to claim 1 wherein the scheduling
request prohibiting timer is configured to use a scheduling
request prohibiting timer length which is equal to the time
between two scheduling request opportunities multiplied
with the result of the factor k operated by a random variable 1,
such that:

scheduling request prohibiting timer length=(k+/)*
(22-11).

6. The method according to claim 5 wherein the random
variable 1 is randomly generated by the user equipment.

7. The method according to claim 5, wherein the factork is
ranging between zero and infinity such that: k=[0, 1, . . ., o],
wherein the factor k is transmitted via Radio Resource Con-
trol (RRC) from the base station.

8. A user equipment apparatus for transmitting scheduling
requests to a base station wherein the apparatus is configured
to transmit scheduling requests to the base station only at
certain predetermined scheduling request opportunities the
apparatus comprising:
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a scheduling request transmission trigger configured to
trigger a scheduling request transmission;

a transmitter, configured to transmit, on a Physical Uplink
Control CHannel (PUCCH) resource, a scheduling
request to the base station at the next occurring sched-
uling request opportunity as a response to the triggered
scheduling request transmission; and

a scheduling request prohibiting timer, configured to start
when the scheduling request is transmitted and to pro-
hibit any further scheduling request retransmission at
future scheduling request opportunities while the sched-
uling request prohibiting timer is running;

wherein the user equipment is configured to receive, from
the base station, a factor k, and

calculate a length of time for the scheduling request pro-
hibiting timer based on the factor k received from the
base station;

wherein the scheduling request prohibiting timer is config-
ured to use a scheduling request prohibiting timer length
which is equal to the time between two scheduling
request opportunities multiplied with the factor k, such
that:

scheduling request prohibiting timer length=k*(£2-11).

9. The apparatus according to claim 8, wherein the appa-
ratus is configured to stop the scheduling request prohibiting
timer when the scheduling request transmission trigger is
cancelled or when the scheduling request prohibiting timer is
expired.
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10. The apparatus according to claim 8, wherein the appa-
ratus is configured to:

configure the scheduling request prohibiting timer with a

scheduling request prohibiting timer length, such that
the scheduling request prohibiting timer expires when
the configured scheduling request prohibiting timer
length has passed, after having started the scheduling
request prohibiting timer.

11. The apparatus according to claim 8, wherein the sched-
uling request prohibiting timer is configured to use a fixed
scheduling request prohibiting timer length.

12. The apparatus according to claim 8 wherein the sched-
uling request prohibiting timer is configured to a scheduling
request prohibiting timer length which is equal to the time
between two scheduling request opportunities multiplied
with the result of the factor k operated by a random variable 1,
such that:

scheduling request prohibiting timer length=(k+/)*
(12-11).

13. The apparatus according to claim 12, wherein the appa-
ratus is configured to randomly generate the random variable
L

14. The apparatus according to claim 12, wherein the factor
k ranges between zero and infinity such that: k=[0, 1, . . ., o],
and wherein the apparatus is configured to receive the factor
k via Radio Resource Control (RRC) from the base station.

#* #* #* #* #*
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